Environmental assessments and land use planning require reliable information on the botanical composition and distribution of habitats. There have been numerous academic studies of inter-observer variation in species-inventory and habitat mapping, but studies addressing the prevalence of inter-observer variation and consequences of poor quality data in professional practice are lacking. This paper addresses these questions via a questionnaire survey of environmental professionals using the standard Phase 1 and National Vegetation Classification (NVC) survey methods in the United Kingdom. The survey revealed that misidentification of habitat types within survey reports was relatively common (approximating to 20% of all reports seen by respondents over the previous five years).
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Introduction
Knowledge of the extent and distribution of vegetation types is essential to underpin conservation assessments, land use planning and management of wildlife populations (Hill et al. 2005; IEEM 2006; Morris and Therivel 2009) . Despite improvements in remote sensing of land cover, field survey remains an essential method for collection of data on the distribution of habitats and their floristic composition (IEEM 2006) . Surveying of vegetation is recognised as a key skill required by ecologists and environmental managers (IEEM 2011) , but studies of variability between surveyors have often revealed significant levels of disagreement in terms of the plant species and habitats recorded (e.g. Scott and Hallam 2003; Milberg et al. 2008; Stevens et al. 2004; Hearn et al. 2011) . For example, a study using the National Vegetation Classification (NVC) in the UK found that pairwise spatial agreement between seven surveyors mapping vegetation at the same site averaged only 34% at the community level (Hearn et al. 2011) . Comparisons between plant species lists drawn up by different surveyors working in the same plots typically show agreement in the range of 50% -70% for a variety of habitats (Scott and Hallam 2003) . Professionals working in the environmental and conservation sectors are therefore aware of the potential for inter-observer variation and its impact on data quality, but there is a dearth of information on the extent to which it is perceived to be an impediment to good decision making in practice (Cherrill 2013a) . If interobserver variation causes few problems then the issue may be largely irrelevant in day-to-day practice. However, if inter-observer variation in interpretation of habitat types is a cause of disagreement and poor decision-making there may be a mandate to change training and/or survey methods.
The focus of the present study is inter-observer variation in habitat mapping using two of the standard classifications in the United Kingdom, namely the Phase 1 habitat classification (JNCC 1993) and the National Vegetation Classification (NVC) (Rodwell 2006) . Studies focussing on these methods have revealed spatial agreement between surveyors using the same method at the same site in the range of 25% to 70% (Cherrill 2013a ). These studies, however, were conducted either as bespoke academic research projects designed to directly assess observer variation (Cherrill and McClean 1995 , 1999a , 1999b , 2001 Hearn et al. 2011) or as part of Quality Assurance procedures within a large-scale national monitoring programme designed to detect landscape change (Stevens et al. 2004) .
The extent to which these results are representative of inter-observer variation in professional practice involving environmental assessment and site management planning is therefore unknown (Cherrill 2013a) . None the less, it can be hypothesised that errors made in identifying vegetation types in these spheres of activity may be frequent and that there may be consequences for conservation assessments, site management and planning decisions. CIEEM has approximately five thousand members in the UK. They are ideally placed to respond to these questions being employed primarily in environmental consultancy, planning authorities, governmental environmental agencies, and non-governmental conservation organisations. The Phase 1 and NVC survey methods are used only in the UK, but similar approaches are used elsewhere (Alexander and Millington 2000) . The wider applicability of the study is, therefore, to illustrate the need to extend academic studies of inter-observer variation to investigate their relevance to the day-to-day experiences of environmental professionals. The implications for further research and development of professional practice are discussed.
The survey methods -background information
To provide a background to the questionnaire survey, this section gives a brief overview of the Phase 1 and NVC methods and the types of survey errors commonly encountered.
Phase 1 survey
The Phase 1 method is a survey technique, and associated land cover classification, for the rapid mapping and preliminary ecological appraisal of semi-natural habitats (JNCC 1993; Hill et al. 2005) . It has been used to map the extent and distribution of vegetation types within National Parks, but is also widely used in the scoping stage of Environmental Impact Assessment (EIA) and for other Preliminary Ecological Appraisals (PEA) of smaller areas such as nature reserves and sites subject to development (IEA 1995; IEEM 2006; Morris and Therivel 2009) . Surveyors record parcels of homogenous vegetation on an Ordnance Survey base map of 1:10,000 scale whilst walking across the site (although this process can be supplemented by the use of aerial photographs before or during the site visit). Allocation of a parcel to mapping classes is conducted in the field and relies on the expertise of the surveyor to recognise key plant indicator species which reveal environmental conditions (e.g. soil pH) and land management activity (e.g. species indicative of sown nutrient rich improved grassland). Direct observation of environmental and management factors such as soil type, agricultural practices, hydrological flow regime and land use also play an important role in defining the habitat (which might better be termed land cover). The Phase 1 manual includes a description of each land cover type and the surveyor must allocate each parcel to the type which it most closely resembles (JNCC 1993) . The process relies heavily on the experience and expertise of the surveyor in terms of both delineating homogenous parcels of vegetation and assigning each parcel to a mapping class.
The map is supplemented by spatially-located notes (known as Target Notes). Target
Notes are marked with a numbered dot on the map and these link to detailed information in the survey report. Information may include lists of key indicator species, observations on site management, a preliminary conservation assessment, the need for further survey, and comment on any difficulties encountered in the classification process (JNCC 1993; Cherrill and McClean 1999a; Hill et al. 2005) .
National Vegetation Classification
The NVC vegetation types are defined by phytosociological tables detailing their species composition (Rodwell 1991 (Rodwell -2000 2006) . To conduct a field survey using the NVC, the surveyor must first define and map homogenous stands of vegetation whilst in the field. As with Phase 1 this process is subjective, but may be aided by the use of aerial photographs.
Detailed floristic data is recorded from within the stand -ideally using a series of quadrats of a size recommended for the specific habitat (Rodwell 2006) . The floristic data include estimates of both cover abundance (within quadrats) and frequency of occurrence (proportion of quadrats occupied) for each species. Stands are then allocated to a vegetation type within the NVC using a combination of traditional keys (Rodwell 1991 (Rodwell -2000 , computer based keys (Hill 1996; Malloch 1998) , and professional judgement. Professional judgement utilises additional information on the environmental and management conditions with which vegetation types are associated, combined with a knowledge (albeit incomplete) of their geographic distributions (Rodwell 2006) . The classification process may be completed in the field or, based on detailed quadrat and field notes, may be conducted retrospectively in the office.
The areas mapped using the NVC are generally smaller than those in Phase 1 surveys because of the requirement for detailed floristic data. The NVC is often used where vegetation worthy of more detailed investigation is noted in a preliminary Phase 1 survey. As with Phase 1, NVC surveys are used in site management planning, conservation assessments and ecological aspects of EIA in the UK (Hill et al. 2005; IEEM 2006; Morris and Therivel 2009 ).
Types of survey error associated with Phase 1 and NVC survey data
The causes of errors in Phase 1 and NVC survey have been investigated previously using case studies (Cherrill and McClean 1995 , 1999a , 1999b , 2001 Stevens et al. 2004; Hearn et al. 2011) . The overall average repeatability of mapping decisions within studies varied from 25% to 70% (Cherrill 2013a) , although this figure differed between vegetation types.
Unmodified habitats and those with similar species composition were most frequently confused McClean 1995, 1999b; Hearn et al. 2011) . For example, Stevens et al. (2004) found an average spatial agreement of 56% for semi-improved grasslands, but an average of 88% for highly modified habitats (such as arable cultivation and amenity grasslands). Spatial errors in the location of vegetation boundaries occur, but eliminating these typically improves agreement between pairs of maps by less than 10% (Cherrill 2013a ).
Misclassification of vegetation types is by far the greatest cause of errors for both methods suggesting that differences between surveys arise primarily because of inter-observer variation in how the vegetation is perceived (e.g. which species are present and how abundant they are) and how this information is processed to allocate a stand of vegetation to a mapping class. Contributory factors appear to be 'fuzzy' boundaries between vegetation types within the classifications (a particular issue for Phase 1), the inherent complexity of vegetation continua encountered in the field, and inter-observer variation in the spatial resolution and rigour of field data collection (often related to underlying differences in surveyor experience and botanical identification skills) McClean 1999a, 1999b; Hearn et al. 2011 , Cherrill 2014 ).
Methods
An online questionnaire was selected as the most effective way of obtaining a sample of responses from the membership of CIEEM who are spread throughout the UK among a wide range of employers. A questionnaire was also favoured over case studies, focus groups or interviews because it allowed respondents to remain anonymous. Anonymity was an important issue because raising concerns with the quality of the work of other professionals can be an uncomfortable experience. Inevitably there is a risk of a self-selection bias in this approach with members who had encountered poor quality surveys being more likely to respond. Characteristics of the respondents were, however, retrospectively compared to the full membership and found to be broadly representative in terms of employment sector, geographical location and membership grade (Table 1 ).
An issue in the application of a questionnaire to determine perceived levels of classification errors in survey reports is knowing whether they have been judged fairly. It was not practical for the author to visit the sites or view survey reports. Moreover, studies of interobserver variation suggest that addition of an extra opinion does not necessarily lead to greater agreement (Cherrill and McClean 1999a; Hearn et al. 2011) . It is possible that in some cases those interpreting the survey reports as being inaccurate were actually wrong. In terms of estimating levels of inter-observer variation this distinction is unimportant because in either scenario it is apparent that a difference of opinion existed. Knowing which view was correct is, however, desirable in determining how we should treat the respondents' views about the causes of the perceived 'error' (and particularly where the respondent identifies aspects of the other surveyor's behaviour or training as a contributory factor). Identifying the underlying causes of inter-observer variation is not the focus of the present paper (but see Cherrill 2014).
Similar caveats do, however, apply to respondents' views on the consequences of survey errors on biodiversity. Where the ecological value of a site is in dispute its subsequent loss has different interpretations depending on your viewpoint. This caveat needs to be borne in mind with regard to interpretation of the responses relating to impacts on biodiversity.
Questionnaire design
Questions were formulated based on the author's experience conducting a series of studies focussing on inter-observer variation (Cherrill & McClean 1995 , 1999a , 2013a ) and engagement with members via an online discussion thread on a social networking site (Cherrill 2013b) . Three drafts of the questionnaire were each piloted with up to 25 members of CIEEM representing a diversity of employment sectors. Feedback was used to refine the questions. The final questionnaire was designed to be completed within 20 to 30 minutes.
Preliminary questions in the final questionnaire asked respondents to identify their CIEEM membership grade, main country of employment and sector of employment.
Members were then asked sets of identical questions about each of the two survey methods. A specific question focussed on the frequency, during the last five years, with which respondents had encountered survey reports in which they believed that there were errors in classification of vegetation types. Options were Never, Rarely (<10% of reports), Frequently (10-33% of reports), Often (33-66% of reports), Most cases (66-99% of reports), or Always (100% of reports). Respondents who had encountered at least one report containing misidentification of vegetation types were then asked to estimate the frequency of each of five potential consequences using a scale of Never, In Some Cases, or Always. The consequences scored were: "Discussion with the surveyor was required to resolve the issues"; "Further field survey was required to resolve the issues"; "There were negative impacts for my organisation (e.g. additional costs and time lost)"; "There were negative consequences for my clients/partners (e.g. delays in project schedules and additional costs)"; and "There were negative consequences for biodiversity (e.g. a net loss of valued species and habitat)".
Respondents completing A final closed question asked all respondents to state if they were in favour of establishment of an accreditation scheme for surveyors carrying out Phase 1 and NVC surveys.
Dissemination of the questionnaire
The questionnaire was actively disseminated to members of CIEEM by staff in the organisation's head office. The questionnaire was promoted through an article in CIEEM's inhouse magazine, via emails to members, and a group established on an online social networking site for environmental professionals (Cherrill 2013b) . The questionnaire was accessed via a weblink and available online between early December 2013 and the end of January 2014.
Analytical approach
Analysis took two approaches. Responses to closed-questions were tallied and are presented as a percentage of the respondents answering each question. Written comments in the open text boxes were systematically examined by the author to identify common themes.
Responses within themes were tallied to give an indication of their relative importance.
Representative examples of written responses to the open-text box question on the consequences of errors were selected for inclusion in this paper to illuminate the analysis.
Preliminary statistical analyses revealed that country, type of employment and membership grade had no statistically significant effects in terms of which questions were answered or the frequency with which data errors were reported. Data from all respondents have therefore been pooled.
Results
Characteristics of respondents
A total of 157 respondents completed the questionnaire with 148 and 88 answering questions about Phase 1 and NVC respectively. All but two respondents were members of CIEEM with the majority being Full members working in England as environmental consultants (Table 1) .
Members completing the questionnaire were relatively well-qualified compared to the full membership and were likely to have had a wider range of relevant experience. It is possible that members who had encountered errors in survey reports were more likely to respond to the questionnaire, but the extent of this bias cannot be assessed. Overall, there was a broad concordance between the profile of respondents and the full membership of CIEEM (Table 1) . Figure 1 shows the proportion of survey reports which respondents perceived to contain errors in identification of vegetation types. The overall patterns were similar for Phase 1 and NVC, although marginally fewer problems were perceived with the latter. Overall, at least 56% and 45% of respondents had encountered errors in more than 10% of survey reports using Phase 1 and NVC respectively (Figure 1 ). Few respondents had never encountered errors in survey reports using the Phase 1 (5%) or NVC (15%) methodologies, but equally few reported errors in more than two-thirds of reports (Figure 1 ). The median response was in the Frequent (10-33% of surveys) category for Phase 1 surveys and the Rare category (up to 10% of surveys)
Frequency of reports containing errors
for NVC. Taking a weighted average (using the mid-point of each ordinal category) suggests that approximately 20% and 18% of Phase 1 and NVC survey reports respectively contained errors.
4.3.
The contexts of reports
Phase 1 was primarily used during Preliminary Ecological Appraisals (PEA) of sites subject to development, both outside and within Ecological Impact Assessment (EcIA) as part of Environmental Impact Assessment (EIA) ( Table 2 ). The most frequent types of development mentioned were wind turbines, housing, mineral extraction and changes in agricultural land use. Responses for Phase 1 survey also included cases (5% of total) focussing on actual (or candidate) designated sites (typically sites of local conservation importance), resource inventory through large-scale mapping of habitats (5%) and surveys feeding into site management plans (7%). The NVC had an overlapping, but more diverse range of uses, notably in site management planning (27%), post-development monitoring (5%) and surveys of designated sites (14%) (typically sites of national conservation importance) ( Table 2) .
The consequences of errors
For both survey methods, over 25% of respondents reported that errors in habitat classification were always resolved successfully through discussion with the surveyors (Table   3 ). This was also true in at least some cases for a further 56% and 59% of respondents for Phase 1 and NVC respectively. Fewer respondents always relied on follow-up field surveys to resolve issues, but further field survey using both methods was conducted in at least some cases by over 70% of respondents (based on the sum of the columns headed 'In some cases'
and 'Always' in Table 3 ).
Over half of respondents reported that poor quality Phase 1 and NVC surveys had impacted negatively on their own organisations, through the need to spend additional time and money, in at least some cases. It appears that this burden was shouldered primarily by the respondents to the questionnaire rather than their clients (and other partners) with whom they were working. For each method, approximately 56% of respondents stated that clients and partners never suffered any negative consequences. Similarly more than 52% (for Phase 1 surveys) and 45% (for NVC surveys) stated that errors never resulted in negative consequences for biodiversity. Negative outcomes, however, for clients/partners (in terms of additional costs and delays) were experienced by 26% and 34% of respondents in at least some cases for Phase 1 and NVC respectively (based on summation of the columns headed 'In some cases' and 'Always' in Table 3 ). Similar estimates for biodiversity indicate negative impacts were noted by approximately 32% and 38% of respondents for Phase 1 and NVC surveys respectively (Table 3) . Inaccurate site assessment has the potential to lead to poor impact prediction, inappropriate mitigation and poor project design decisions. However, in the open-question these consequences were each reported explicitly by less than 10% of respondents who had encountered reports containing misidentification of vegetation types (Table 4) . This was presumably because the errors were usually corrected before these more serious outcomes could arise. Ultimately poor mitigation could lead to loss of biodiversity. This was reported by around 6% of respondents in the open-text box (Table 4 ), yet over 30% of respondents reported this had occurred in at least one instance based on the structured closed-questions (Table 3 ). The discrepancy is probably due to a combination of low response rate to the openquestion and a reluctance to write unprompted about more than one or two impacts.
Responses to the open-question on the consequences of errors
Accuracy of site assessments
Analysis of responses in open text box explicitly revealed that inaccurate site assessments
were caused by errors in classification of the vegetation. For example:
When working with third party data, that the habitats had been under or over valued as a result of third party habitat classifications. (Phase 1)
Species rich unimproved/semi-improved grasslands have been mistaken as having no/low biodiversity interest (i.e. habitat identified as species poor grassland). (Phase 1)
This [habitat miss-identification] can mean that presence of significant habitats cannot be proven conclusively, which impacts application of the legislation. (NVC)
It is important to recognise that the statements above refer to cases where the inaccurate site assessments were detected by respondents checking survey reports. Thus, the potential for further consequences was reduced through remedial actions including discussions with the surveyors and further field survey. These points are illuminated in the following themes.
The need for further field survey
Responses to open text box question illustrate the additional time, financial cost and frustration resulting from the need for further survey to resolve issues of vegetation misclassification:
The main consequences were that as an experienced surveyor I had to re-classify the habitats correctly. 
Unavoided negative outcomes
Overall, the quantitative and qualitative data in Tables 3 and 4 Overall, given the range of negative impacts identified it is interesting that only one respondent commented on the potential for reputational damage to the individuals undertaking and reporting ecological surveys (Table 4 ).
Support for an accreditation scheme
There was broad support among respondents for the development of accreditation schemes for surveyors undertaking both Phase 1 (77.3% in favour, n=110) and NVC (84.4% in favour, n=77) surveys.
Discussion
Vegetation mapping underpins many environmental assessment and decisions made by site managers and land use planners. It is well-known that inter-observer variation can undermine the quality of this data but the frequency with which this occurs, and the resultant consequences, in day-to-day professional practice has rarely been subject in investigation (Cherrill 2013a ). The present study revealed that the most frequent immediate consequence of poor quality Phase 1 and NVC data was that inaccurate assessments were made about the ecological value of sites (Table 4) . Although these were typically corrected through discussions with the surveyor and further field work, this represented a significant use of time, finance and effort and hence has negative impacts on the individuals and bodies involved.
Moreover, there were cases where avoidable losses of biodiversity and delays to projects occurred because decisions were based on data that subsequently proved to be unreliable (Table 3 and 4) . Over the five year period up to early 2014, a net loss of biodiversity attributed to inaccurate evaluations, based on erroneous survey reports, was reported in at least one instance by 32% and 38% of respondents for Phase 1 and NVC respectively.
However, whether the attribution of these impacts solely to weaknesses in ecological data is truly justifiable is impossible to assess. A myriad of factors influence land management decisions (Glasson et al. 2012 ) and ecological considerations may not have been paramount in all of these cases. Nonetheless, the planning process in the UK has been criticised for its failure to adequately account for ecological impacts (Treweek et al. 1993; Thompson et al. 1997; Treweek and Thompson 1997; Gray and Edwards-Jones 1999; Byron et al. 2000; Drayton and Thompson 2013 ) and the present study suggests that at least some of this failure may reflect issues with the quality of survey reports submitted with planning applications.
The concerns revealed here have general applicability beyond habitat mapping surveys. Inter-observer variation is a ubiquitous feature of ecological survey and has probably been most extensively documented for botanical surveys, but has also been documented for survey of the physical characteristics of river channels , land management impacts on upland vegetation (MacDonald 2010) and a range of taxa including birds (Diefenbach et al. 2003; Frederick et al. 2003; Farmer et al. 2012) , bats (Westcott and Mckeown 2004; Fritsch and Bruckner 2014) , freshwater and marine fish (Shea et al. 2011) . A characteristic of these studies is that while some suggest improvements to survey methodology, few explore the frequency of observer variability in day-to-day professional practice, or investigate their consequences beyond the confines of the study. An exception are those focussing on ecological water quality assessments conducted to meet the requirements of the EU Water Framework Directive (WFD). The WFD requires levels of uncertainty, including those caused by observer error, associated with the classification of rivers into five ecological status classes to be reported (Furse et al. 2006; Environment Agency 2009a , 2009b . A wide range of metrics derived from ecological surveys are used and, while most are robust, a proportion have been shown to be susceptible to error caused by inter-operator variation (e.g. Kelly 1997; Clarke and Hering 2006; Hasse et al. 2010; Staniszewski et al. 2006; Kahlert et al. 2012; Thackeray et al. 2013; Kolada et al. 2014) .
Further research should focus on these issues in other areas of ecological assessment and will require the involvement of ecologists and environmental managers in professional practiceideally facilitated through collaborations with industry professional bodies such as CIEEM.
The present study demonstrates that a questionnaire survey can generate useful information, but the approach is not without difficulties. The use of a combination of closed-and openquestions generated complementary information. The latter yielded insights which would otherwise have been lost, but estimates of the proportion of respondents witnessing loss of biodiversity differed markedly depending on which type of questions was used (6% versus >30%) (Tables 3 and 4 ). The closed-question on biodiversity impacts generated the higher estimate and is probably more reliable because of its narrower focus and higher response rate.
Investigation of inter-observer variation in professional practice is not easy.
Ecological surveys are not routinely repeated unless problems with an initial survey are detected or suspected. Inter-observer variation therefore manifests itself in situations where a survey report leads to a disagreement about the habitats and species actually present (Cherrill 2013b of the total membership of CIEEM (Table 1) Disagreements over habitat classifications are probably impossible to eliminate completely because all scientists are prone to subjectivity in decision making (Elliot and Resnik 2015) and vegetation is inherently variable and complex (Alexander and Millington 2000; Rodwell 2006) . Demonstrating that there are practical consequences, however, can provide a mandate to improve standards of training and professional practice. Indeed, recognising the inherent variability in human behaviour is a first-step to advancing objective, repeatable and scientifically rigorous practice. A measure that would allow disagreements to be resolved more rapidly, and effectively, would be to ensure that data underpinning habitat classification decisions (in the form of Phase 1 Target Notes and NVC quadrat samples) is collected and reported in a more rigorous and consistent manner (Cherrill and McClean 1999a; Cherrill 2013a Cherrill , 2014 . The field manuals for Phase 1 and NVC allow a significant degree of flexibility in these aspects of the methodologies (JNCC 1993; Rodwell 2006 ).
Moreover, this information (along with basic metadata such as the identity of the surveyors) is often not included within documents, such as site management plans and Environmental Statements, based on the original field survey reports (Cherrill 2007) . In the absence of these metadata the reliability of mapping decisions is more difficult to assess and further field survey is more likely to be necessary to clarify the type of vegetation present (Cherrill 2013b ).
In the present study a majority of respondents to the questionnaire were in favour of introducing accreditation schemes for surveyors undertaking Phase 1 and NVC surveys.
Several models are available. Framework (CIEEM 2006) . There is evidence that more experienced botanists produce more complete species inventories (Rich and Smith 1996) , and some evidence (albeit less welldocumented) that group training can reduce levels of inter-observer variation in vegetation mapping using Phase 1 and NVC (Cherrill 2013a) . There is therefore a realistic prospect that introducing mandatory minimum levels of accreditation or certification for surveyors could provide a reliable and transparent method for employers and clients to judge the aptitude of surveyors, while simultaneously yielding improvements in professional practice.
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